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ABSTRACT 

A phylogenetic analysis of 11 taxa and 31 characters resulted in a single most 
parsimonious tree that supports monophyly of the goniasterid genera 
Iconaster and Glyphodiscus. Four new species, Glyphodiscus magnificus n. sp., 
Glyphodiscuspentagonalis n. sp., Iconaster uchelbeluuensis n. sp., and Iconaster 
vanuatuensis n. sp., are described and two species are synonymized. At least 
three species within the genus Iconaster appear to have invaded shallower 
water from a deeper-water ancestry. Glassy tubercles, similar to those inter¬ 
preted as photoreceptors in ophiuroids and other goniasterids, are present in 
the shallow-water Iconaster clade. Glassy tubercles are largely absent in the 
deeper-water sister and outgroup taxa, suggesting their occurrence is related 
to photic zone or shallow-water occupation. Biogeographic patterns as 
presently known suggest that diversification in Iconaster and Glyphodiscus has 
been restricted to the central and south Pacific regions. 
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RESUME 

Une phylogenie aTIconaster et de Glyphodiscus (Echinodermata, Asteroidea, 
Valvatida, Goniasteridae) et description de qnatre nouvelles especes. 

Une analyse phylogenetique portant sur 12 taxons decrits par 31 caracteres 
aboutit a un seul arbre de parcimonie maximale. La topologie de cet arbre 
soutient l’hypothese de monophylie des genres de Goniasteridae Iconaster et 
Glyphodiscus. Quatre nouvelles especes sont decrites : Glyphodiscus magnificus 
n. sp., G. pentagonalis n. sp., Iconaster uchelheluuensis n. sp., et I. vanuatuensis 
n. sp. et deux especes sont mises en synonymie. Au moins trois especes du 
genre Iconaster semblent avoir colonise des milieux peu profonds a partir d’un 
ancetre vivant en eaux profondes. Des corpuscules vitreux, similaires aux 
« photorecepteurs » des ophiures et de certains Goniasteridae, sont aussi presents 
dans le clade peu profond Iconaster. Les corps vitreux sont le plus souvent 
absents des taxons plus profonds appartenant au groupe frere et aux extra- 
groupes. Ces resultats suggerent que la presence des corps vitreux est bee a la 
zone photique ou a l’occupation de milieux peu profonds. Les distributions 
geographiques connues indiquent que la diversification des genres Iconaster et 
Glyphodiscus est limitee aux regions centrales et meridionales du Pacifique. 


INTRODUCTION 

New phylogenetic data for two small genera 
within the family Goniasteridae suggest unusual 
phylogenetic patterns contrary to those generally 
observed within the fossil record of echinoderms 
and other marine invertebrates (Bottjer & 
Jablonski 1988). Phylogenetic reconstructions 
within the Asteroidea have historically focused on 
post-Paleozoic, high-level (i.e. families and 
above) diversification patterns (e.g., Blake 1987; 
Gale 1987; Knott & Wray 2000). Mah (2000) 
argued that more intensive sampling of lower 
level taxa (i.e. species) is required to further eluci¬ 
date phylogenetic events within the crown group. 
Asteroids are ecologically important (e.g., 
Birkeland 1974). Phylogenetic events in species- 
level phylogenies can mirror changes in environ¬ 
ments over time. For example, phylogenetic 
histories have been argued as the most useful 
tools in understanding onshore-offshore evolu¬ 
tionary patterns (Bottjer & Jablonski 1988). 

This study was prompted by new phylogenetic 
data currently being developed for the family 
Goniasteridae (C. Mah unpublished data), a large 
and diverse family, including approximately 


260 extant species within 70 genera. Goniasterids 
occur predominantly on deep-water continental 
shelf habitats in all the world’s oceans (A. M. 
Clark 1993). The greatest number of extant 
goniasterid species occurs in the Indo-Pacific 
region (A. M. Clark 1993; C. Mah unpublished 
data). Considerable work has been published on 
deep-water asteroids from this area (e.g., Fisher 
1919; Jangoux 1981), and new genera and spe¬ 
cies continue to be discovered (H. E. S. Clark & 
McKnight 2003). Newly collected material from 
the Museum national d’Histoire naturelle in 
Paris and the Coral Reef Research Foundation in 
Palau has resulted in discoveries of new taxa and 
more abundant material than has been available 
to prior studies. 

Iconaster and other ingroup taxa were chosen, in 
part because of their broad bathymetric range. 
Iconaster occurs within a relatively shallow depth 
range of 30-208 m, whereas Glyphodiscus occurs 
more deeply, within a depth range of 162-532 m. 
Iconaster and Glyphodiscus each possess distinctive 
suites of characters, suggesting synapomorphies 
for a species-level analysis. Monophyly of the 
relationship between Iconaster and Glyphodiscus 
was tested to falsify or support the close relation- 
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ship implied by earlier taxonomic work (e.g., 
Fisher 1917, 1919). 

Astrogonium longimanum was described by 
Mobius (1859). Sladen (1889: 261) established 
Iconaster based on A longimanum as the type. 
H. L. Clark (1916: 36) reassigned the species to 
Perrier’s contentious genus Dorigona synonymiz- 
ing Iconaster, but Fisher (1919: 304) reaffirmed 
Iconaster. Fisher (1913) described Iconaster perier- 
ctus, which he later (Fisher 1917: 173) placed 
within the subgenus Iconaster {Glyphodiscus). 
Rowe (1989) elevated Glyphodiscus to generic 
status and described a second species, Glyphodiscus 
mcknighti, from New Zealand. Jangoux (1981) 
and Aziz & Jangoux (1984) subsequently describ¬ 
ed Iconaster elegans and Iconaster corindonensis, 
respectively. 

Little is known of the biology of either Iconaster 
or Glyphodiscus. Lane & Hu (1994) described 
planktonic lecithotrophy without the bipinnaria 
stage in Iconaster longimanus. Coleman (1994) 
reported that I. longimanus feeds on “encrusting 
invertebrates”. 

MATERIALS AND METHODS 

Phylogenetic data (C. Mah unpublished data) 
support a monophyletic clade of Iconaster, 


Glyphodiscus, Pontioceramus, Pergamaster, 
Astroceramus and Lithosoma, suggesting sister 
group relationships among them. Identification 
keys and discussion of putative relationships of 
Iconaster and Glyphodiscus within the 
Goniasteridae (e.g., Fisher 1911, 1919, 1940) 
have suggested affinities with Pergamaster, 
Astroceramus, and Lithosoma. The latter three 
genera, in addition to Pontioceramus were there¬ 
fore included in the analysis as putative out¬ 
groups to determine the closest sister taxon to 
Iconaster and Glyphodiscus. Ideally, the sister 
group provides the basis for outgroup compari¬ 
son (Wiley et al. 1991). 

Initially, all valid species and potentially new 
species were included in the analysis. During 
the investigation, Iconaster corindonensis was 
discovered to be a juvenile of Lithosoma 
penichra (one of the outgroup taxa) and 
G. mcknighti was synonymized with G. perier- 
ctus (see discussions below). These two taxa were 
removed from the matrix. Ultimately, 11 taxa 
were included in the study matrix. Outgroup 
and ingroup taxa are summarized in Tables 1 
and 2, respectively. 

A total of 31 morphological characters is includ¬ 
ed. Characters were partly derived from a 
character matrix of the Goniasteridae in develop¬ 
ment (C. Mah unpublished data), and augmented 


Table 1 . — Summary of outgroup taxa included. 


Genus and type species 

Material examined 

Astroceramus Fisher, 1906 

Astroceramus callimorphus Fisher, 1906 

Hawaii. TC 33, stn 11, off the Wainae coast, Oahu, 

1 dry specimen (BPBM-no #). 

Lithosoma Fisher, 1911 

Lithosoma penichra Fisher, 1917 

New Caledonia. BATHUS 1, stn CP 658 
(MNHN EcAs 11702). 

Thailand. Andaman Sea (Indian Ocean), 

Malay Peninsula, Phuket, 7°40’N, 097°09’E, 503-512 m, 
RV Anton Bruun , stn 17, 1 dry specimen 
(USNM E53629). 

Pergamaster Koehler, 1920 

Pergamaster synaptorus Fisher, 1940 

Antarctica. Joinville Island, 1 dry specimen 
(NMNH El3416). 

Pontioceramus Fisher, 1911 

Pontioceramus grandis Fisher, 1911 

Philippines. Cebu Island, 1 dry specimen 
(NMNH 40578). - MUSORSTOM 3, stn CP 86, 

1 dry specimen (MNHN EcAs 11701). 


ZOOSYSTEMA • 2005 • 27(1) 


139 




Mah C. 


Table 2. — Summary of ingroup taxa included (further details in 
text). 

Glyphodiscus magnificus n. sp. 

Glyphodiscus pentagonalis n. sp. 

Glyphodiscus perierctus Fisher, 1917 
Iconaster elegans Jangoux, 1981 
Iconaster longimanus (Mobius, 1859) 

Iconaster uchelbeluuensis n. sp. 

Iconaster vanuatuensis n. sp. 


by additional characters scored from the material 
studied. 

Trees were generated by exporting the character 
matrix (Table 3) from MacClade 3.08 into 
PAUP 4.0bl0 (Swofford 2003). Unpolarized and 
unweighted characters were analyzed using the 
branch-and-bound and exhaustive search 
options. 

Specimens examined (listed below) were collect¬ 
ed primarily by the Museum national d’Histoire 
naturelle in Paris (MNHN) and the Coral Reef 
Research Foundation (CRRF) in Koror, Palau. 
Additional reference material was borrowed from 
the Department of Invertebrate Zoology, 
California Academy of Sciences (CASIZ), San 
Francisco, California, the Bernice P. Bishop 
Museum (BPBM), Honolulu, Hawaii, the 
Western Australian Museum (WAM), and the 


Smithsonian Institution (NMNH) in Washing¬ 
ton, D.C. Taxa analyzed are listed in Table 1. 
Locality data for material described below refers 
to general location, collection station data, coor¬ 
dinates, depth, and collection date, followed by 
where the material is housed and whether the 
specimen is dried or preserved in alcohol, i.e. wet. 
Glyphodiscus pentagonalis n. sp., G. magnificus n. sp., 
Iconaster vanuatuensis n. sp., and /. uchelbeluuensis 
n. sp. were initially recognized as undescribed 
taxa based on diagnostic morphological characters. 
They were subsequently included in the cladistic 
analysis and assigned to genera based on the 
results. 

RESULTS 

The analysis resulted in a single most parsimo¬ 
nious tree (Fig. 6) with 52 steps, a Consistency 
Index (excluding uninformative characters) of 
0.673, and a Retention Index of 0.753. The 
ingroup was assumed to be monophyletic for the 
analysis. Re-rooting the data as a basal polytomy 
has no effect on ingroup relationships, tree statis¬ 
tics, number of steps or number of trees recov¬ 
ered but does alter the relationships between the 
outgroup taxa, supporting a Pontioceramus and 
Lithosoma as sister taxa to a basal Astroceramus. 


Table 3. — Data matrix used in analysis. Abbreviation: OG, outgroup. 


1111111111222222222233 

Taxon 1234567890123456789012345678901 


Iconaster elegans 
Iconaster longimanus 
Iconaster uchelbeluuensis n. sp. 
Iconaster vanuatuensis n. sp. 
Glyphodiscus perierctus 
Glyphodiscus pentagonalis n. sp. 
Glyphodiscus magnificus n. sp. 
OG: Pontioceramus grandis 
OG: Lithosoma penichra 
OG: Astroceramus callimorphus 
OG: Pergamaster synaptorus 


1111110111010011110100220001110 
1111110110000010111000111001111 
1110111111010010111000111001111 
1101110100100010120101110001110 
0000111100210010111000111111101 
0000111100210110111000111111111 
0000111100201010111110111101111 
0000000000100000000000000000000 
1001000000000010000000000000000 
0001000100000000000000001000010 
0000000100000000000000001101110 
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Pergamaster no longer emerges as the sister taxon 
to the ingroup. 

Branches show relatively good support values 
(Fig. 6). Bootstrap support from 300 replicates 
shows all but Iconaster as supported over 50%. 
Iconaster + Glyphodiscus are particularly well sup¬ 
ported by bootstrap values (96%). The Glypho¬ 
discus and Iconaster clades each show collapse in 
one step but the clade including Iconaster + 
Glyphodiscus decays in five steps. 

CHARACTER ANALYSIS 

Characters utilized in the analysis were derived 
primarily from external anatomy and were grouped 
below based on body region. Internal characters 
were derived primarily from the ambulacral plates, 
a significant but historically underutilized source 
of character data. The character matrix is included 
in Table 3. The plesiomorphy or apomorphy 
of the character is based upon results from the 
cladistic analysis. Terminology used below follows 
Spencer & Wright (1966) and Blake (1987). 
Tong-shaped pedicellariae are present in 
Glyphodiscus, but the function of pedicellariae and 
the selective influences dictating pedicellariae ex¬ 
pression are poorly understood. Within a single 
goniasterid species, number and even presence of 
pedicellariae can be highly variable among indivi¬ 
duals. Evaluation of pedicellarial variation is 
beyond the scope of this paper; pedicellariae are 
not included in the character matrix. 

Abactinal surface characters (1-7) 

1. Radial regions bearing enlarged accessory 
plates 

0, absent; 1, present (Figs 5B, F; 4C, F) 

2. Presence/absence of enlarged accessory plates: 
in the outgroup taxon Lithosoma, enlarged, cor¬ 
ner accessory plates are present on all abactinal 
disk plates. In I. elegans, these plates occur on the 
primary circlet and on other abactinal plates on 
the disk but in fewer numbers 

0, absent; 1, present (Fig. 4A, E) 

3. Complete or incomplete ring of peripheral 
accessories on radial abactinal plates 


0, complete ring; 1, incomplete ring (Fig. 4C, F) 

4. Presence-absence of glassy tubercles on abacti¬ 
nal plates 

0, absent; 1, present (Fig. 5B) 

5. Primary circlet plate size 

0, not enlarged; 1, enlarged (Fig. 5A) 

6. Size of enlarged interradial abactinal plates 
0, not enlarged; 1, enlarged (Fig. 4A, E) 

7. Elevation of disk and marginal plates: the dor¬ 
sal marginal plate surface either lies above or 
flush with the disk surface. Images of living 
I. longimanus, I. vanuatuensis n. sp., and G. ma- 
gnificus n. sp. suggest a relatively rigid abactinal 
disk surface that is not sunken or collapsed in 
preserved specimens 

0, surfaces flush; 1, disk sunken 

Marginal plate characters (8-14) 

8. Superomarginal plates abutted across arm mid¬ 
line 

0, armtip only ; 1, 50% or more of arm’s length 
(Fig. 5A, D) 

9. Glassy tubercles on superomarginal plates 
0, absent; 1, present (Fig. 4B) 

10. Glassy tubercles on inferomarginal plates 
0, absent; 1, present 

11. Number of interradial marginal plates: charac¬ 
ter state selection represent perceived differences in 
plate types observed among taxa. Where marginal 
plates are most numerous interradially, they also 
appear to be compressed in shape. Taxa with the few¬ 
est plates are largest and tend to be associated with 
highly pentagonal body forms and low R:r ratios 

0, moderate (= 6-7); 1, abundant (~ 9); 2, few 
(-4-5) 

12. Shape of marginal plates 

0, wide (W > L); 1, elongate (L > W) 

13. Enlarged basal superomarginals: this describes 
the basal, superomarginal plates present on the 
arm which are enlarged in size relative to the other 
superomarginals on the distal region of the arm. 
They are directly abutting and roughly triangular 
in shape compared to the quadrate interradial su¬ 
peromarginals 

0, absent; 1, present 

14. Presence-absence of marginal cones: this des¬ 
cribes convex, conical prominences extending 
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from the dorsolateral edge of the superomarginal 
and inferomarginal plate series. Pointed marginal 
plates found in Amphiaster and Goniaster are 
convergent (C. Mah unpublished data). Marginal 
cone development becomes accentuated during 
ontogeny 

0, absent; 1, present (Fig. 3A, B) 

Actinal surface characters (15, 16) 

15. Surface granules on actinal plates 
0, present; 1, bare 

16. Glassy tubercles on actinal surface 
0, absent; 1, present 

Adambulacral plate and furrow 
CHARACTERS (17-25) 

17. Furrow spine length 

0, elongate (length > 2 X breadth); 1, not elong¬ 
ate (length < 2 X breadth) 

18. Outline shape of furrow spines in cross section 
0, thin and flattened; 1, round; 2, quadrate 

19. Spacing between furrow spines: crowded fur¬ 
row spines are densely adjacent to one another 
and closely abutted. Well spaced furrow spines 
display about a < 1.0 mm gap between each spine 
0, well spaced (Figs 4D; 5C); 1, crowded 
(Fig. 5G) 

20. Subambulacral spines 
0, present; 1, absent 

21. Flattened subambulacral features: subambu¬ 
lacral ornamentation (i.e. spines, granules, etc.) 
are flattened, making them flush with the actinal 
surface 

0, absent; 1, present (Fig. 3C) 

22. Granular subambulacrals: describes shape 
and morphology of granular subambulacral orna¬ 
mentation, including size, overall relief, and 
roundedness of the granule 

0, prismatic ornamentation; 1, spherical orna¬ 
mentation (Fig. 5C) 

23. Subambulacral spines in cross section: des¬ 
cribes the shape of subambulacral spine outline in 
cross-section only, and does not address the over¬ 
all appearance/morphology of the spine itself 

0, round; 1, prismatic-polygonal; 2, absent 

24. Gap separating furrow spines from subambu¬ 
lacral spines at fourth adambulacral: a gap is pre¬ 


sent, where spines or other ornamentation are 
absent, between the furrow spine series and the 
subambulacral spine series 
0, present; 1, absent; 2, subambulacrals absent 

25. Enlarged oral spines: these spines vary in 
morphology but are 2-3 X the length and 
approximately 2 X the width at the tip, relative 
to the surrounding oral and subambulacral 
spines 

0, present; 1, absent (Figs 4D; 5C) 

Body morphology characters (26, 27) 

26. Interradial arc: the angle present in the inter¬ 
radius between arm tips. Rounded arcs are con¬ 
cave whereas linear arcs describe straight edges 
between the arms. Direct correspondence bet¬ 
ween the number of interradial marginal plates 
(character 11) and the angle of the interradial arc 
(character 12) is not observed 

0, rounded arcs; 1, linear arcs 

27. Arm length: this character describes the arm 
length relative to ingroup taxa. Short arms end 
relatively near the body and reflect a pentagonal 
disk and body shape with an R:r ratio of approxi¬ 
mately 1:1. Elongate arms extend away from the 
body resulting in a more stellate body form and a 
greater R:r ratio. A relationship between the 
number of interradial marginal plates (character 

11) and the angle of the interradial arc (character 

12) with this character was not observed 

0, elongate (greater than 1:1); 1, short (roughly 

1 : 1 ) 

Internal skeletal characters (28-31) 

28. Shape of ambulacral head: a broad ambula- 
cral head with a flattened lateral surface. Small 
ambulacral heads are more compressed with a 
relatively curved lateral surface 

0, large (Fig. 1C); 1, small (Fig. ID) 

29. Overlap of ambulacral head flange: the pre¬ 
sence or absence of a discrete, curved flange on 
the ambulacral head that overlaps onto the next 
ambulacral plate 

0, absent (Fig. 1C); 1, present (Fig. ID) 

30. Edge of ambulacral waist: a sharp edge or 
flattened to rounded surface on the waist region 
of the ambulacral plate 
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Fig. 1. — A, B, Glyphodiscus perierctus (Fisher, 1917), New Caledonia, juvenile, dry, R = 7.0 mm, r = 4.0 mm (MNHN EcAs 11686); A, 
abactinal surface; B, actinal surface; C, Pontioceramus grandis Fisher, 1911 (USNM IZ-40578), dry, ambulacrals expressing a large 
ambulacral head (character 28), absence of an overlapping flange on the ambulacral head (character 29), rounded waist surface 
(character 30), and fan-like flaps on the ambulacral base (character 31); D, Glyphodiscus pentagonalis n. sp., dry (MNHN EcAs 
11690), ambulacrals expressing a small ambulacral head (28), an overlapping flange (29), a sharpened edge on the waist (30), and 
narrow flaps on the ambulacral base (31); E, Glyphodiscus magnificus n. sp., paratype (MNHN EcAs 11683), predatory marks (PM) 
on superomarginals. Scale bars: A, B, D, 1.0 mm; C, 2.0 mm; E, 5.0 mm. 
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0, rounded waist surface (Fig. 1C); 1, sharp edge 
on waist (Fig. ID) 

31. Base of ambulacral: the shape of distinct flap- 
like flanges on the base region of the ambulacral 
plate. Fan like flaps are broad and rounded exten¬ 
sions on the ambulacral base. Narrow flaps are 
more elongate and narrower 
0, fan-like flaps (Fig. 1C); 1, narrow flaps 
(Fig. ID) 

SYSTEMATICS 

Order VALVATIDA Perrier, 1884 
Superfamily CONIASTEROIDEA Forbes, 1841 
Family Goniasteridae Forbes, 1841 

Genus Glyphodiscus Fisher, 1917 
Iconaster- Fisher 1913: 642 (in part). 

Iconaster ( Glyphodiscus ) Fisher, 1917: 173; 1919: 
306. — Spencer & Wright 1966: U58. 

Glyphodiscus - Rowe 1989: 273. — Rowe & Gates 
1995: 65. — Clark & McKnight 2003: 52. 

Type species. — Iconasterperierctus Fisher, 1917. 

Diagnostic SUMMARY. — Disk sunken. Primary cir¬ 
clet plates enlarged. Abactinals and superomarginals 
smooth, bare. Abactinal plates with complete ring of 
peripheral accessories. 

APOMORPHY LIST. — 5, primary circlet plates enlarged. 
6, interradial disk plates enlarged. 7, disk sunken. 11, 
few marginal plates in interradius. 15, actinal plates 
bare. 17, furrow spines short, squat. 18, furrow spines 
round to polygonal in cross section. 19, furrow spines 
crowded. 23, subambulacrals round to polygonal in 
cross section. 24, subambulacral-furrow spine space 
absent. 31, narrow flaps on ambulacral base. 

Glyphodiscus perierctus (Fisher, 1913) 

(Fig. 2) 

Iconaster perierctus Fisher, 1913: 642. 

Iconaster ( Glyphodiscus ) perierctus - Fisher 1917: 173; 
1919: 306, pis 79, 81,83, 93. 

Glyphodiscus perierctus - A. M. Clark 1993: 254. 

Glyphodiscus mcknighti - Rowe 1989: 273, figs 8A, B, 
9A, 9B. —A. M. Clark 1993: 254 (checklist). —Rowe 
& Gates 1995: 65. — Clark & McKnight 2003: 53. 


HOLOTYPE. — Philippines. Sulu Archipelago, 
Tawitawi Grosimunul Island, Sibutu Passage, 
4°56’10”N, 119°46’00”E, 177 m, 24.11.1908 
(NMNH 30554). 

Other MATERIAL. — New Caledonia. SMIB 5, stn 
DW 102, 23°19.6’S, 163°4.7’E, 290-305 m, 
9.IX. 1989, 1 dry specimen with rough marginals, R = 
2.3 cm, r = 1.2 cm (MNHN EcAs 11698). — SMIB 
4, stn DW 61, 23°00’S, 167°22’E, 520-550 m, 3 dry 
specimens, R = 3.3 cm, r = 1.6 cm, R = 1.8 cm, r = 
1.0 cm, R = 1.9 cm, r = 1.1 cm (MNHN EcAs 
11696). — SMIB 5, stn DW 104, 23°15.7’S, 
168°4.4’E, 305-335 m, 2 dry specimens, R = 1.7 cm, 
r = 0.9 cm, R = 0.8 cm, r = 0.4 cm (MNHN EcAs 
11697). — SMIB 5, 13.IX.1989, rocks (= “roche”), 
1 dry juvenile specimen, R = 7.0 mm, r = 4.0 mm 
(MNHN EcAs 11686). 

Western Australia. NW of Cape Leveque, Western 
Australia, 14°57.6’S, 121°40.5’E to 14°56.4’S, 
121°42.5’E, 200-235 m, Engel trawl on coral rock 
bottom, 16.11.1984, 1 specimen, R = 3.7 cm, r = 1.5 cm 
(WAM Z-20875). — S of Bedwell Is., Clerke Reef, 
sled stn #LB7, 17°54.2’S, 119°17.5’E to 17°53.3’S, 
119°17.1’E, 200 m, rocks and hard sponges, 
18.VIII.1995, 1 specimen, R = 4.2 cm, r = 1.5 cm 
(WAM Z-20944). 

DISTRIBUTION. — Philippines to Norfolk Island/New 
Zealand and to Indian Ocean, Western Australia. 178- 
550 m. 

DIAGNOSTIC SUMMARY. — Body stellate with tapering 
arms. Marginal plate surfaces smooth to rough. Arms 
with superomarginal plates abutted across radius. 

APOMORPHY LIST. — 12, marginal plates elongate. 
27, arms short. 30, ambulacral waist with rounded 
surface. 

Remarks 

The juvenile demonstrates a number of features 
permitting identification, including smooth, 
wide marginal plates and relatively short arms. 
Larger specimens add abactinal, marginal, and 
actinal plates as well as a greater number of fur¬ 
row and subambulacral spines. 

Terminal plates are enlarged in asteroid juveniles. 
The small G. perierctus, like Plinthaster dentatus, 
described by Sumida etal. (2001), is small enough 
to retain a disproportionately large terminal plate. 
In the juvenile, the terminal is similar in size to the 
largest marginal plate. The fossil goniasterid, 
Buterminaster elegans Blake & Zinsmeister, 1988, 
from the Eocene of Seymour Island, Antarctica 
also possesses an enlarged terminal plate similar to 
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Fig. 2. — A-C, Glyphodiscus perierctus (Fisher, 1917), New Caledonia, SMIB 4, stn DW 61, dry (MNHN EcAs 11686); A, abactinal 
surface, larger specimen with roughened marginal plates; B, roughened superomarginal plate; C, ambulacral furrow, furrow spines, 
and adambulacral plates; D, E, Glyphodiscus mcknighti Rowe, 1989 (= G. perierctus), New Caledonia, SMIB 5, stn DW 104, dry 
(MNHN EcAs 11697); D, abactinal surface, smaller specimen with smooth marginal plates; E, actinal surface. Scale bars: A, B, D, E, 
5.0 mm; C, 1.0 mm. 
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the one observed in G. perierctus, suggestive of ju¬ 
venile morphology. However, the holotype of 
Buterminaster is considerably larger (R = 18- 
20 mm) than known specimens retaining 
juvenile morphology ( G. perierctus, R = 7.0 mm, 
Plinth aster dentatus, R ~ 4.0 mm). The enlarged 
terminal plate present in Buterminaster and the ju¬ 
venile specimen of G. perierctus completely occu¬ 
pies the distalmost arm tip and differs from 
enlarged terminals in other fossil species, such as 
Comptoniaster sp. aff. hasseti (de Loriol, 1887) 
which only partially occupy the distal arm tip re¬ 
gion (Breton 1992: 230). 

One of the Western Australian specimens (WAM 
Z-20944), displays etching and scratching similar 
in appearance with those caused by predatory fish 
on Cretaceous goniasterid plates (Neumann 
2000 ). 

Body color from freshly collected specimens indi¬ 
cates a deep, brown-orange abactinal surface and 
a lightly colored actinal surface. 

Description of juvenile morphology 
A full description of Glyphodiscus perierctus is pre¬ 
sent in Fisher (1919: 306). The juvenile speci¬ 
men (MNHN EcAs 11686) is described here 
(Fig. 1A, B) for comparison. 

Abactinal plate pattern similar to adult but fewer 
in number. Paired enlarged primary circlet plates 
in each interradius present. Additional interradial 
plates absent. Abactinal plates adjacent to the 
contact with the marginal plates are smaller and 
more heterogeneously shaped, directly adjacent 
to prominent interradial circlet plates. 

Terminal plate triangular, enlarged, approximate¬ 
ly equal in size to two adjacent superomarginal 
plates, nearly as large as largest plate in marginal 
plate series. Larger specimens with terminals 
comparable in size to one adjacent superomargi¬ 
nal plate, which is smallest (and youngest) in the 
marginal plate series. 

Six marginal plates in each interradius, compared 
to 12 marginal plates in specimens with R = 2.0 cm 
and larger. Plate sizes similar, largest and most rec¬ 
tangular interradially, becoming smaller adjacent 
to the terminal. Distal superomarginal plates wider 
than long as opposed to elongate in adults. 


Actinally, one large chevron present with hetero¬ 
geneously arranged plates in actinal interradius. 
Four furrow spines and two enlarged subambula- 
cral spines present versus the five furrow spines 
and three subambulacrals present in adults. Ter¬ 
minal plate expresses prominent tube foot open¬ 
ing at bottom tip of plate. 

Synonymy of Glyphodiscus mcknighti 
Monophyly of Glyphodiscus provides indepen¬ 
dent support for Rowe’s (1989) elevation of Gly¬ 
phodiscus to generic rank. Before G. mcknighti 
was removed from the analysis, Glyphodiscus 
perierctus and G. mcknighti were identically coded 
in the data matrix (Table 3). This is consistent 
with Rowe’s (1989: 274) comments that the two 
species were very similar. Rowe (1989: 273) dis¬ 
tinguished the two based on the presence of rou¬ 
ghened superomarginal plates (Fig. 2B), tumid 
peripheral abactinal disk plates, and papulae dis¬ 
tributed over the disk of I. perierctus. Although 
Fisher (1919: 307) described papulae as being 
“distributed all over the disk”, examination of 
the holotype shows they share a pattern similar 
to those in other Glyphodiscus spp. and are absent 
from the interradial regions. In fact, Fisher 
(1919: 307) mentioned that they were absent 
from one chevron of large interradial plates, 
but he apparently did not comment on the other 
interadii. Intermediate degrees of roughening 
on the superomarginal surface in G. perierctus 
and G. mcknighti are observed in MNHN speci¬ 
mens of different sizes (Fig. 2B, D) suggesting 
that this character is more accentuated with 
growth. Smaller specimens, up to R ~ 2.0 mm, 
demonstrate smooth marginal plates (Fig. 2D), 
an observation consistent with the size of 
G. mcknighti. Specimens with R > ~ 2.3 mm 
demonstrate roughened marginal plates more 
prominently. 

Only one character, tumid peripheral abactinal 
disk plates, differentiates G. perierctus from 
G. mcknighti. Specimens from the South Pacific 
possess largely flat plates but peripheral abactinal 
plates are mildly tumid, suggesting that this cha¬ 
racter varies between geographically disparate 
populations. Thus, Glyphodiscus mcknighti Rowe, 
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1989, is here considered to be a junior synonym 
of Glyphodiscusperierctus Fisher, 1913. 


Glyphodiscus magnificus n. sp. 

(Fig. 3A-C) 

HOLOTYPE. — Palau. CRECH 146, Mutremdiu 2, 
Palau, 7°16.4l’N, 134°31.43’E, 162 m, 29.III.2001, 
specimen wet, R = 7.5 cm, r = 2.6 cm (CASIZ 
168012). 

PARATYPES. — New Caledonia. BATHUS 1, stn CP 
701, 20°57.5’S, 165°35.9’E, 302-335 m, 18.III.1993, 
1 dry specimen, R = 4.1 cm, r = 1.5 cm (MNEIN EcAs 
11682). — MUSORSTOM 4, stn DW 186, 19°07’S, 
163°30’E, 190 m, 19.IX.1985, 1 dry specimen, R = 

2.5 cm, r = 1.1 cm (MNHN EcAs 11684). — 
MUSORSTOM 4, stn DW 185, 19°06’S, 163°29’E, 
230 m, 18.IX. 1985, 7 dry specimens, R = 2.2 cm, r = 
0.8 cm, R = 2.4 cm, r = 1.0 cm, R = 2.6 cm, r = 1.0 cm, 
R = 2.7 cm, r = 1.1 cm, R = 3.4 cm, r = 1.5 cm, R = 

3.6 cm, r = 1.8 cm, R = 3.8 cm, r = 1.6 cm (MNHN 
EcAs 11683). — SMIB 5, 250 m, 13.1X1989, rocks, 
3 dry specimens, R = 2.4 cm, r = 1.0 cm, R = 2.7 cm, 
r = 1.1 cm, R = 2.9 cm, r = 1.2 cm (MNHN EcAs 
11692). — SMIB 5, stn DW 90, 22°19.1’S, 
168°4l.6’E, 310-340 m 13.IX.1989, 1 dry specimen, 
R = 2.7 cm, r = 1.2 cm (MNHN EcAs 11693). 
Vanuatu. MUSORSTOM 8, stn CP 970, 20°19’S, 
169°53’E, 252-310 m, 21.IX. 1994, 1 dry specimen, 
R = 4.3 cm, r = 2.0 cm (MNHN EcAs 11691). 

ETYMOLOGY. — The descriptor magnificus describes 
the magnificent and striking appearance of this 
species. 

DISTRIBUTION. — New Caledonia, Vanuatu, and 
Palau. 162-335 m. 

DIAGNOSIS. — A species with interradial marginal 
(supero- and infero- series) plates bearing conical 
prominences extended from the plate. Furrow and 
subambulacral spines are flattened and nearly flush 
with the actinal surface. 

APOMORPHY LIST. — 14, marginal cones (Fig. 3A). 20, 
subambulacral spines present (Fig. 3C). 21, subambu¬ 
lacral spines flattened (Fig. 3C). 

Description 

Body relatively flattened. Arms elongate. 
Interradial arcs broad-linear. Pedicellariae absent 
on abactinal surface and marginal plate series. 
Pedicellariae present on actinal surface. 
Abactinal surface flat. Disk region stellate. 
Abactinal plates extend onto the arm base, with 


one or two plates occasionally present between 
abutted superomarginal plates. Abactinal plates 
largely hexagonal in radial regions but rounded to 
polygonal elsewhere. Plate shapes vary but more 
heterogeneous near contact between abactinal 
surface and superomarginal series. Plate size 
varies with location. Largest plates occur on pri¬ 
mary circlet and interradially. Moderate-sized 
plates occur on radial regions. Smallest plates 
occur near the superomarginal edge. Primary cir¬ 
clet composed of approximately two prominent 
polygonal plates for each interradius. One smaller 
polygon sits between these pairs along each 
radius, aligned with the carinal plates. Abactinal 
plates bare, smooth. A complete ring of c. 18-45 
narrow, rectangular accessories present around 
each plate. Angular at plate corners, varying in 
length. Madreporite typically triangular with 
moderately deep grooves, flanked by three plates. 
Papular regions restricted to radial regions on 
disk. 

Marginal plates bare, smooth. Roughened sur¬ 
faces on some (e.g., MNFiN EcAs 1 1683). 
Marginal plates largest interradially decreasing 
towards arm tips. Largest specimen (R = 7.5 cm) 
with 32-35 marginal plates. Smaller specimens 
(R = 4.1, 4.3 cm) with 23 marginal plates. 
Smallest specimen (R = 2.2 cm) with 18 marginal 
plates. Superomarginal-abactinal surface contact 
forms low rounded angle. Inferomarginal contact 
similar. Marginal plates abutted along arm. 
Number of abutted plates range from six to seven 
pairs (small specimen), nine to 12 pairs (middle- 
sized specimen) and 13-15 (largest). Abutted 
plates are more angular in smaller specimens, 
becoming more round and convex in larger speci¬ 
mens. Marginals largest near the base. Marginal 
plates matched one-to-one proximally, becoming 
more mismatched near the tips. Both marginal 
plate series convex, swollen, forming quadrate 
mound in cross section. Interradial marginal 
plates with prominent conical to nubbin-shaped 
extension on the dorsolateral edge of the plate. 
Extensions present on 6-7 interradial superomar¬ 
ginal, inferomarginal plates. Cone-like extensions 
less convex at arm’s base. Distinct nubbins on 
interradial superomarginal and inferomarginal 
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plates on specimens in MNHN EcAs 11692 (R = 
2.4, 2.7, 2.9 cm) from New Caledonia and on 
distalmost 6-7 inferomarginal plates of smaller 
specimens. Nubbins sit on inferomarginal swel¬ 
ling. Nubbins absent in the 2.5 cm and 4.1 cm 
specimens although inferomarginals are swollen. 
Fully developed conical extensions present on the 
inferomarginal plates of the regenerated arm of 
MNHN EcAs 11691 and MNHN EcAs 11683. 
Accessory granules identical to those on abactinal 
surface form peripheral borders around marginal 
plate series. Terminal plate large with one or two 
spines. Arm tips upturned. Terminals facing dor- 
sally. 

Actinal plates on disk only. Actinal plates dia¬ 
mond to polygonal forming two to three che¬ 
vrons. Plates adjacent to inferomarginals less 
ordered becoming more polygonal, less diamond 
shaped. Largest plates adjacent to adambulacral 
plates. Smallest plates closest to inferomarginals. 
Larger specimens with additional chevrons. Plates 
with peripheral granules similar to those on abac¬ 
tinal surface and marginal plate series but thicker 
and blockier. Peripheral granules on plate corners 
larger than those along plate sides. Mouth angle 
plates covered by flattened granules/flattened 
spines similar to those on the adambulacral 
plates. Approximately 10 pairs of granules along 
mouth angle plates. Single large angular granu¬ 
le/spine projects into mouth. Adambulacral 
plates rectangular with three to five, thick, flat¬ 
tened furrow spines. Diamond to triangular in 
cross section. Five furrow spines present to distal 
most arm tip, shows little attenuation. Three 
large subambulacral granules or flattened spines 
located directly behind the furrow spines. 
Remainder of the adambulacral plate covered by 
flattened, prismatic, polygonal, thickened gra¬ 
nules of uneven size, flush with actinal surface. 
Uneven bare spots present on adambulacral plate. 
Little variation observed between large versus 
small specimens and between specimens from 
different localities. Relatively tiny (blades are c. 
0.5 mm in length) tong-like pedicellariae located 
on actinal plate surfaces adjacent to adambula- 
crals. Pedicellariae slightly larger, more numerous 
in the R = 7.5 cm specimen. 


Ambulacral head small with overlapping facet. 
Ambulacral waist with sharp edge, Ambulacral 
base with narrow flaps. 

In life, this species is bright yellow with orange 
papular regions, forming a petaloid pattern. 
Preserved dry specimens, grayish olive to light 
brown with light actinal surface. Wet specimens, 
yellowish white. 

An arm tip on MNHN EcAs 11691 shows signs of 
arm damage and regeneration, displaying a enlarged 
terminal plate relative to the adjacent superomargi- 
nals. Three pairs of marginal plates are present on 
the arm tip in the process of regeneration. Another 
arm tip on MNHN EcAs 11691 is parasitized by at 
least two specimens of the eulimid gastropod, 
Stilifer sp. (A. Waren pers. comm. 2003). 

Specimens in paratype lot MNHN EcAs 11683 
show superomarginals with roughened surfaces 
and large numbers of scratches and indentions 
(Fig. IE). These marks resemble those described 
by Neumann (2000), suggesting bite marks from 
predatory fishes. 


Glypbodiscus pentagonalis n. sp. 

(Fig. 3D, E) 

HOLOTYPE. — South Pacific Ocean. SMIB 8, banc 
Eponge (mont B), stn DW 146, 24°55.2’S, 
168°21.7’E, 514-522 m, 27.1.1993, 1 specimen dry, 
R = 1.6 cm, r = 1.3 cm (MNHN EcAs 11688). 

PARATYPES. — New Caledonia. LITHIST, banc 
Stylaster, stn DW 01, 23°37.4’S, 167°42.1’E, 440 m, 
10.VIII.1999, 1 specimen dry, R = 2.2 cm, r = 1.5 cm 
(MNHN EcAs 11690). — SMIB 3, stn DW 05, 
24°55’S, 168°22’E, 502-512 m, 21.V. 1987, 1 speci¬ 
men dry, R = 1.6 cm, r = 1.3 cm (MNHN EcAs 
1 1689). — BERYX 11, stn DW 27, 23°37’S, 
167°4l’E, 460-470 m, 18.X. 1992, 1 specimen dry, 
R = 1.7 cm, r = 1.4 cm (MNHN EcAs 11687). — 
SMIB 8, banc Eponge (mont B), stn DW 147, 
24°54.9’S, 168°21.8’E, 508-532 m, 27.1.1993, 2 spec¬ 
imens dry, R = 1.4 cm, r = 1.2 cm, R = 1.2 cm, r = 
1.1 cm (MNHN EcAs 11694). — BATHUS 3, stn 
DW 819, 23°45’S, 168°16’E, 478-486 m, 
28 XI. 1993, 1 specimen dry, R = 1.5 cm, r = 1.3 cm 
(MNHN EcAs 11695). 

ETYMOLOGY. — This species is named for its distinc¬ 
tive pentagonal shape. 

DISTRIBUTION. — Currently known only from New 
Caledonia. 460-532 m. 
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Fig. 3. — A-C, Glyphodiscus magnificus n. sp., New Caledonia, paratype, dry (MNHN EcAs 11682); A, abactinal view; B, supero- 
marginal plate shape; C, oral and adambulacral regions; D, E, Glyphodiscus pentagonalis n. sp., New Caledonia, holotype, dry 
(MNHN EcAs 11688); D, abactinal view; E, oral and adambulacral regions. Scale bars: A, 5.0 mm; B, D, 3.0 mm; C, 2.0 mm; 
E, 1.0 mm. 
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DIAGNOSIS. — Pentagonal body with few, smooth 
marginal plates (~ 4-6) in each interadii. 
Superomarginal plates at each arm tip triangular in 
outline, and directly abutting across arm. 

APOMORPHY LIST. — 12, marginal plates elongate. 13, 
enlarged basal superomarginals. 27, arms short. 

Description 

Disk pentagonal, interradial arcs linear. Arms, 
short and stubby. Body, stout and flat. 

Disk area pentagonal. Plates bare, flat. Surface or¬ 
namentation absent. Surfaces smooth. Plates more 
convex on papular regions along radii than on in¬ 
terradial regions of disk. Papular regions com¬ 
posed of six plates surrounding a single seventh plate 
in the center. Plates flanked at corners by papulae. 
Abactinals hexagonal to polygonal in shape, espe¬ 
cially those around disk center. Plates more elong¬ 
ate, angular at contact between abactinal plates 
and superomarginal plates. Primary circlet plates 
at disk center enlarged, plates adjacent to contact 
with superomarginals smaller. Two enlarged hep- 
tagonal plates in each interradius. All plates with 
complete peripheral border of c. 20-60 granular- 
rectangular plates. Plates adjacent to superomar¬ 
ginal surface with scattered pedicellariae. 
Madreporite triangular, flanked by three plates. 
Approximately six marginals in smaller specimens 
(R = 1.0 cm) vs approximately eight superomar¬ 
ginal plates (R = 2.4 cm) in larger specimens. 
Typically about two superomarginals per inter¬ 
radius in specimens above R = 1.0 cm. Marginal 
plates smooth, devoid of surface ornamentation. 
Plates flat, largely smooth. 

Superomarginals at base of arm enlarged and in 
direct contact. Shape, asymmetrically pentagonal. 
Enlarged plates approximately 1.5 times those of 
the interradial superomarginal plates. 
Superomarginal plates along arm are four-sided 
but roughly triangular in shape. No enlarged 
inferomarginals. Inferomarginals are roughly tri¬ 
angular in shape. All marginal plates bordered by 
a complete ring of rectangular accessories/gra¬ 
nules similar to those of the abactinal and actinal 
surfaces. Inferomarginals smooth, flat. 

Actinal surface region composed of flat, bare acti¬ 
nal plates in approximately two to three concen¬ 


tric chevrons. Plates round to diamond shaped. 
Plates nearest adambulacrals largest becoming 
smaller toward the inferomarginal series. Plates 
closest to adambulacrals are more angular, becom¬ 
ing more rounded closer to marginal plate 
contact. Plates closer to the inferomarginals more 
polygonal, less regular in shape. Actinal plates bor¬ 
dered by 20-50 cubic-rectangular shaped, widely 
spaced accessories, larger than those on the abacti¬ 
nal surface. Some actinal plates near adambula¬ 
crals with one narrow-tong shaped pedicellariae 
rooted in relatively deep pit centered on plate. 
Approximately four to five furrow spines medial¬ 
ly reduced to two to three at arm tip. Spines thic¬ 
kened and polygonal-triagonal to quadrate in 
cross section. Furrow spines flanked by three sub- 
ambulacral spines. Each subambulacral twice 
thickness of furrow spines. Subambulacrals qua¬ 
drate to polygonal in cross section, less elongate 
than furrow spine series. Remainder of adambu- 
lacral plate covered by four to six low, relatively 
large, well spaced, angular granules. Subambulacral 
granules triangular to quadrate in cross section. 
Adambulacral side adjacent to actinal plates with 
three to four low angular granules, triangular to 
quadrate in cross section. 

Ambulacral head small, compressed, with promi¬ 
nent flap overlapping next ambulacral. Waist 
with sharp edge. Ambulacral base with narrow 
flaps. 

Color observed from freshly collected specimens 
is a dark grayish-green with light beige-cream 
disk with red highlights between abactinal disk 
plates. Dry specimens have similar coloration, 
but lack red highlights. 

Genus Iconaster Sladen, 1889 

Dorigona- Gray 1866: 7 (in part). 

Pentagonaster — Perrier 1875: 190, 192 (in part). 

Iconaster Sladen, 1889: 261. — Fisher 1911: 172. — 
H. L. Clark 1946: 95. — Spencer & Wright 1966: 
U58. — Aziz 1986: 250. 

DIAGNOSIS. — Primary circlet, interradial plates 
enlarged. Papular plates on radial regions. Abactinal 
plate corners with enlarged accessories. Glassy tuber¬ 
cles on most but not all species. Superomarginal plates 
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with glassy tubercles on two species. Arms relatively 
elongate with superomarginals abutted across mid¬ 
point. 

APOMORPHY LIST. — 5, primary circlet plates enlarged. 
6, interradial disk plates enlarged. 7, disk and marginal 
plate surfaces flush. 15, actinal plates bare. 17, short 
and squat furrow spines. 18, furrow spines round and 
polygonal in cross section. 19, furrow spines crowded. 
23, subambulacrals round and polygonal in cross 
section. 24, subambulacral-furrow spine space absent. 
31, narrow flaps on ambulacral base. 

Synonymy of Iconaster corindonensis Aziz 
& Jangoux, 1984 

Juvenile material examined. — Indonesia. 
Tanimbar Is., KARUBAR, stn CP 78, 9°06’S, 
131°24’E, 295-284 m, 3.XI.1991, 1 dry specimen 
(MNHN EcAs 11699). 

New Caledonia. Halipro, stn CP 867, 21°26’S, 
166°18’E, 720-950 m, 22.III. 1994, 1 dry specimen 
(MNHN EcAs 11700). 

Consideration of Iconaster corindonensis and 
Lithosoma penichra suggests that the former spe¬ 
cies consists of juveniles of the latter and there¬ 
fore I. corindonensis is a synonym of L. penichra. 
Although the holotype was unavailable, MNHN 
specimens that exactly fit the description of Aziz 
& Jangoux (1984) were available for comparison. 
Several characters are shared, or plesiomorphic, 
between I. corindonensis and L. penichra. These 
include: glassy tubercles on the abactinal plates 
present (character 5), superomarginal plates abut¬ 
ted along the arm (character 8), furrow spine 
length elongate (character 17), furrow spines in 
cross section thin and flattened (character 18), 
furrow spine spaced apart (character 19), subam¬ 
bulacrals round in cross section (character 23), 
enlarged oral spines present (character 25), round¬ 
ed interradial curve present (character 26), broad 
ambulacral head shape present (character 28), 
fan-like flaps on the ambulacral base present 
(character 31). 

Because the type (R = 1.8 cm) and specimens 
examined (R = 1.1 cm) were all relatively small, it 
is argued that two features diagnostic for 
Iconaster, including enlarged corner plates (cha¬ 
racter 1) and an incomplete periphery of accesso¬ 
ry plates (character 3), which are present in the 


description of I. corindonensis, change during 
ontogeny, leading to its erroneous taxonomic 
placement. After this was determined, “ Iconaster 
corindonensis ” was removed from analysis. 

Iconaster elegans Jangoux, 1981 

(Fig. 4A-D) 

Iconaster elegans Jangoux, 1981: 467, pi. 3 figs 1-3, 
text fig. 2. — Aziz 1986: 255. — A. M. Clark 1993: 
259. 

Material examined. — 1 paratype (MNHN EcAs 
2776). 

DISTRIBUTION. — Known only from the Philippines. 
129-222 m. 

DIAGNOSIS. — Species with glassy tubercles on all 
body surfaces, including abactinal, actinal, adambu- 
lacral, superomarginal and inferomarginal plate series. 

APOMORPHY LIST. — 1, enlarged corner accessory 
plates present on radial regions. 2, enlarged corner 
accessory plates present. 3, complete periphery of 
abactinal accessories. 4, glassy tubercles on abactinal 
plates. 7, disk and abactinal disk surface flush. 9, glassy 
tubercles on superomarginal plates. 10, glassy tubercles 
on inferomarginal plates. 12, wide marginal plates. 
16, glassy tubercles on actinal plates. 19, furrow spines 
spaced apart. 20, subambulacral spines present. 
23, subambulacral spines absent. 25, enlarged oral 
spines present. 26, rounded interradial arc. 31, fan like 
flaps on ambulacral base. 


Iconaster longimanus (Mobius, 1859) 

(Fig. 4E-G) 

Astrogonium longimanum Mobius, 1859: 7, pi. 1, 
figs 5, 6. 

Astrogonium souleyeti— Dujardin & Hupe 1862: 392. 

“Archaster luciferV ’ - Valenciennes in Perrier 1875: 
228 (1876: 44) (cited only as MS name in synonymy 
of I. longimanus - Mobius 1859 so not an available 
name). 

Goniaster longimanum - Liitken 1864: 145; 1871: 
245. 

Dorigona longimana - Gray 1866: 7. 

Pentagonaster longimanus — Perrier 1875: 228. 

Iconaster longimanus - Sladen 1889: 262. — Koehler 
1895: 393; 1910: 268. — Doderlein 1896: 307, 
pi. 18, fig. 33; 1924: 56, pi. 17, figs 2-2a. — Bedford 
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Fig. 4. — A-D, Iconaster elegans Jangoux, 1981, paratype, dry (MNHN EcAs 2776); A, abactinal surface; B, glassy granules on 
superomarginals; C, enlarged accessories on abactinal plates, papular region; D, oral and adambulacral regions; EG, Iconaster 
longimanus Mobius, 1859, Singapore, dry (CASIZ 117905); E, abactinal surface; F, abactinal plates with glassy granules; G, oral and 
adambulacral regions. Scale bars: A, B, 3.0 mm; C, G, 1.0 mm; D, F, 2.0 mm; E, 5.0 mm. 
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1900: 293. — Fisher 1919: 303, pi. 77, fig. 2, pi. 83, 
fig. 5, pi. 93, figs 2-2a, pi. 104, fig. 3. — H. L. Clark 
1921: 28; 1938: 91. — Engel 1938: 3, pi. 1, fig. la-b. — 
H. L. Clark 1946: 95. — Endean 1957: 238; 1961: 
289. — A. M. Clark & Rowe 1971: 47, pi. 5, fig. 4. — 
Domantay 1972: 79. — Marsh 1976: 217. — Rowe 
& Gates 1995: 65. — Gosliner et al. 1996: 253. — 
A. M. Clark 1993: 259. — Van Den Spiegel et al. 
1998: 446, fig. 27A-C, pi. 1-4. 

Material EXAMINED. — Singapore. Hantu, 10 m, 
2 specimens dry (CASIZ 117905). 

Philippines. Sulu Archipelago, stn 5174, 2.6 miles 
west of Jolo Light, Jolo, 36.6 m depth, coarse sand, 
1 specimen (NMNEI 40546). 

Distribution. — Indo-Pacific distribution. SE 
Arabia, Indonesia, N and W Australia and 
Queensland, Philippine Is, Singapore, South China 
Seas. 6-85 m. 

DIAGNOSIS. — Species with glassy tubercles on abacti- 
nal and superomarginal plates. Elongate arms with 
abutted superomarginals along radius. 

APOMORPHY LIST. — 1, enlarged corner accessory 
plates present on radial regions. 2, enlarged corner 
accessory plates present. 3, complete periphery of 
abactinal accessories. 4, glassy tubercles on abactinal 
plates. 7, disk and abactinal disk surface flush. 9, glassy 
tubercles on superomarginal plates. 26, rounded inter- 
radial arc. 


Iconaster uchelbeluuensis n. sp. 

(Fig. 5D-G) 

HOLOTYPE. — Palau. Uchelbeluu (= Augulpelu) Reef, 
Short Dropoff Bight “Sea Bear Site”, 88 m (290 ft), on 
rocky/sand terrace, 10.V.1997, 1 wet specimen, R = 
3.5 cm, r = 1.9 cm (CASIZ 118049). 

PARATYPES. — Palau. Uchelbeluu (= Augulpelu) Reef, 
Short Dropoff Bight “Sea Bear Site”, 88 m (290 ft), on 
rocky/sand terrace, 10.V.1997, 4 wet specimens, R = 
4.2 cm, r = 1.5 cm; R = 4.0 cm, r = 1.5 cm; R = 

3.7 cm, r = 1.6 cm; R = 3.5 cm, r = 1.6 cm (CASIZ 
118050). 

Philippines. MUSORSTOM 3, stn CP 131, 
11°37’N, 121°43’E, 120-122 m, 1 dry specimen, R = 

2.8 cm, r = 1.4 cm (MNHN EcAs 11681). 

New Caledonia. Noumea, ORSTOM, Vauban, stn 
582, 22°45.3’S, 167°26.8’E, 68 m, 18.VII.1985, 1 dry 
specimen, R = 2.6 cm, r = 1.2 cm with one damaged 
arm (MNHN EcAs 11685). 

ETYMOLOGY. — This species is named for Uchelbeluu 
Reef, where it was initially discovered and later made 
available to the author. The “ch” is silent, and the 
descriptor is pronounced “U- el-be-luu ensis”. 


DISTRIBUTION. — Philippines, Palau, and New 
Caledonia. 68-122 m. 

DIAGNOSIS. — Species with enlarged accessories at 
plate corners, but with incomplete ring around abacti¬ 
nal plates. Glassy tubercles absent from abactinal 
plates. 

APOMORPHY List. — 1, enlarged corner accessory 
plates present on radial regions. 2, enlarged corner 
accessory plates present. 3, complete periphery of 
abactinal accessories. 9, glassy tubercles on superomar¬ 
ginal plates. 10, glassy tubercles on inferomarginal 
plates. 12, marginal plate shape, wide. 26, rounded 
interradial arc. 

Description 

Stellate disk area. Arms elongate. Interradial 
angles rounded. Overall body, flat. Arm tips til¬ 
ting upwards. 

Abactinal plates flat, smooth. Surface bare. 
Glassy tubercles absent on abactinal plates. 
Abactinals hexagonal to rounded. Primary circlet 
plates rounded. Abactinal plates heterogeneously 
shaped at contact between disk and superomargi¬ 
nals. Polygonal plates, paired, enlarged present 
interradially. Abactinal plates smaller in radial 
regions, homogeneously sized. Radial regions, 
swollen. Interradial regions, concave to depres¬ 
sed. Some abactinal plates on arms between 
superomarginals, elongate, diamond shaped. 30- 
60 accessory plates form complete border around 
interradial abactinal plates. Peripheral accessories 
rectangular to quadrate, larger around corners on 
the plates. Abactinal plates with corner plates. 
Complete borders absent around papular regions. 
Enlarged accessory plates present on abactinal 
plate corners, forming triads around papulae 
(Fig. 5F). Accessories absent from lateral sides of 
radial, papular plates. Enlarged accessory plates 
absent on primary circlet plates. Madreporite tri¬ 
angular, flanked by three plates. 

Approximately 20 marginals present interradial¬ 
ly. Marginal plates smooth, convex in cross sec¬ 
tion, appearing swollen. Superomarginal plates 
more swollen than inferomarginal plates. 
Marginal plate surface bare. 30-60 relatively fine 
glassy tubercles on both marginal plate series on 
arms only. Glassy tubercles absent from marginal 
plate series on the disk. Interradial plates largest, 
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decreasing in size towards arm tips. Distal plates 
along arm less swollen. Superomarginal plates 
correspond proximally, becoming more disjunct 
distally. 30-60 small, rectangular to grain-shaped 
accessories surround each marginal plate. 
Accessory plates similar to those present on abac- 
tinal surface. Terminal plate triangular to conical. 
Zero to two spinelets present. 

Actinal plates bare. Lacking accessories on plate 
surface. Abactinal plates diamond to polygonal, 
forming two to three concentric chevrons. 
Diamond-shaped actinal plates closer to adam- 
bulacrals becoming smaller and more hetero¬ 
geneously shaped closer to contact with 
inferomarginal plates. 15-40 quadrate-rectangu¬ 
lar shaped accessory plates form actinal plate bor¬ 
ders. Small, tong-like pedicellariae present on 
plates adjacent to adambulacrals. Actinal plates 
present on disk only, absent on arms. Furrow, 
subambulacral regions crowded. Two to five thick¬ 
ened furrow spines, oval to triangular-quadrate 
in cross section. Furrow spine numbers attenuate 
distally. Two to three subambulacrals, enlarged, 
flanking the furrow spines. Subambulacrals twice 
as thick as furrow spines, oval to quadrate in cross 
section, shorter than furrow spines. Remainder of 
adambulacral plate covered by angular granules, 
triangular-quadrate in cross section. Border on 
adambulacral plate surface enclosing small cir¬ 
cular to polygonal bare spot behind the subam¬ 
bulacral series. Wedge to polygonal shaped 
granule present in the enclosed region. Oral 
plates covered with relatively thick, prismatic 
spines, quadrate to triangular in cross section 
similar to those on subambulacral, furrow spine 
regions. Approximately nine corresponding thick¬ 
ened granules present on mouth angle plates. Pair 
of wedge-shaped ossicles on oral plates projecting 
into mouth. 

Ambulacrals with relatively small head. 
Prominent flap overlapping onto next ambulacral 
ossicle. Waist with sharp edge. Base with narrow 
flaps. 

Species, bright orange in life. Dry specimens, 
creamy yellow. Wet specimens, off-white. 
MNHN EcAs 11685 with damaged, missing 
arm. Enlarged abactinal plates have overgrown 


this region but the marginal plate series have not 
been replaced. Etching and notching are present 
on superomarginals of MNHN EcAs 11681 and 
11685 suggesting traces of predatory fish as 
suggested by Neumann (2000) in Cretaceous 
goniasterids. 

Iconaster vanuatuensis n. sp. 

(Fig. 5A-C) 

Holotype. — Vanuatu. MUSORSTOM 8, stn CP 
1018, 17°53’S, 168°25’E, 300-301 m, 27.IX.1994, 

1 dry specimen, R = 6.6 cm, r = 2.9 cm (MNHN EcAs 
11680). 

Paratypes. — Vanuatu. MUSORSTOM 6, stn CP 
1017, 17°53’S, 168°26’E, 294-295 m, 27.IX.1994, 

2 wet specimens, R = 5.6 cm, r = 2.4 cm, R = 3.2 cm, 
r = 1.3 cm (MNHN Ech 4685). 

ETYMOLOGY. — This species is named for the type 
locality. 

Distribution. —Vanuatu. 294-301 m. 

DIAGNOSIS. — Glassy tubercles on smooth, abactinal 
plates. Adambulacral plates covered by flattened scalar 
granules with short but well spaced furrow spines. 
Enlarged pair of oral spines, hemispherical in cross sec¬ 
tion. 

APOMORPHY LIST. — 1, enlarged corner accessory 
plates present on radial regions. 2, enlarged corner 
accessory plates present. 3, complete periphery of 
abactinal accessories. 4, glassy tubercles on abactinal 
plates. 7, disk and abactinal disk surface flush. 9, glassy 
tubercles on superomarginal plates. 11, high number 
of marginal plates in interradius. 18, furrow spines, 
round-polygonal in cross section. 19, furrow spines 
spaced apart. 20, subambulacral spines present. 22, 
granular subambulacral spines present. 25, enlarged 
oral spines present. 26, rounded interradial arc. 31, fan 
like flaps on ambulacral base. 

Description 

Overall body convex, relatively flat, broad with 
tapering arms. Disk stellate. Radial regions swol¬ 
len with depressed interradial areas. Pedicellariae 
absent. 

50-300 small glassy tubercles present on each 
plate. Abactinal plates bare, hexagonal to polygo¬ 
nal smooth. Hexagonal plates on the primary cir¬ 
clet and interradial regions, largest. Plate shapes 
more heterogeneous, smaller at contact with 
superomarginals. Two large hexagonal plates 
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Fig. 5. — A-C, Iconaster vanuatuensis n. sp., Vanuatu, holotype, dry (MNHN EcAS 11680); A, abactinal view; B, abactinal plates with 
glassy granules; C, oral region showing enlarged spines and adambulacral-subambulacral region; D-G, Iconaster uchelbeluuensis 
n. sp., Philippines, paratype, dry (MNHN EcAs 11681); D, abactinal view; E, glassy granules on superomarginal plate; F, enlarged 
accessories on corners of abactinal plates; G, adambulacral plates displaying crowded furrow spines and subambulacral spines. 
Scale bars: A, 10.0 mm; B, G, 1.0 mm; C, E, F, 2.0 mm; D, 5.0 mm. 
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present in each interradial region. Smaller accessory 
plates present between larger primary circlet 
plates. Coloration retained on preserved speci¬ 
mens, marking carinal series. Abactinal plates 
present between abutted superomarginal plates 
along base of arm. 30-40 accessory plates form 
full border around abactinal plates. Enlarged 
accessories present at plate corners around papu¬ 
lar openings. Abactinal plate accessories rounded, 
rectangular in shape. 

Marginal plates flat. Mildly convex in cross sec¬ 
tion. Abundant between arm tips. 36-38 margi¬ 
nal plates present in each interradius. Marginal 
plates smooth, bare. Marginal plates bordered by 
accessories identical to those surrounding abacti¬ 
nal plates. Marginal plates wide. Superomarginals 
abutted across most of arm’s distance, 11- 
12 plates abutted across arm. Contact between 
abactinal plates, superomarginals convex. 
Inferomarginals identical in shape. Marginal 
plates largest interradially becoming smaller dis- 
tally along arm. Terminal plate large, unevenly 
oval. Pedicellariae absent on marginal plates. 
Actinal plates diamond to polygonal. Plates bor¬ 
dered by small oval-rectangular accessories simi¬ 
lar to but larger than those on abactinal surface. 
Actinal plates present, disk only, absent on arm. 
Actinal plates form chevrons becoming more 
disorganized closer to inferomarginal contact. 
Actinal plates largest adjacent adambulacral 
plates. 

Smallest, most heterogeneously shaped closest to 
inferomarginals. Adambulacral plates rectangu¬ 
lar. Five to seven furrow spines present. Furrow 
spines short, quadrate to triangular in cross sec¬ 
tion. Furrow spines well spaced in convex-palma¬ 
te pattern becoming more prominent distally. 
Several series of flattened, almost scalar granules 
adjacent to furrow spines. Seven to eight large, 
polygonal-unevenly shaped granules immediately 
flank furrow spines, gradually intergrading into 
c. 30-50 smaller, flatter, polygonal granules 
covering adambulacral plate, actinal plates. Small 
circular to unevenly shaped bare spots present on 
adambulacral plates. Bare spots absent proximal 
to mouth becoming larger distally. Paired mouth 
angle plates partly covered by smaller granules 


adjacent to actinal plates, covered by coarser 
blockish granules closer to tube foot groove/ 
mouth. Oral spines, paddle shaped, enlarged, 
thickened, hemispherical in cross-section, flanked 
by curved-angular furrow spines. 

Ambulacral head shape small. Ambulacral facet 
overlapping onto next. Sharp ridge present on 
ambulacral waist. Ambulacral base with broad- 
fan like flaps. 

Preserved dry specimen with beige, light brown 
abactinal surface and dark brown carinal plate 
series. Carinal color pattern retained in dry, wet 
specimens. 

DISCUSSION 

Patterns observed in several, major invertebrate 
groups display onshore-offshore patterns of evolu¬ 
tion (i.e. shallow water ancestry) (Bottjer & 
Jablonski 1988). Although full phylogenetic his¬ 
tories for crown-group asteroids are incomplete, 
similar patterns are observed. For example, a phy¬ 
logenetic analysis of the deep-sea Brisingida sup¬ 
ported a shallow-water ancestry (Mah 1998). For 
fossil species, Blake & Zinsmeister (1988) docu¬ 
mented Eocene members of the extant zoroasterid 
Zoroaster fulgens Thomson, 1873 from shallow 
water sediments at Seymour Island in Antarctica. 
Zoroaster fulgens occurs today only in deep-water 
habitats, below 200 m. When depth ranges for 
ingroup taxa are mapped back onto the tree 
(Fig. 6), a split between deep and shallow-water 
members of the ingroup is observed. Outgroup 
taxa and the sister clade, Glyphodiscus, both occu¬ 
py deep-water environments, suggesting deep¬ 
water ancestry for the shallow-water Iconaster 
clade. 

A greater number of apomorphic changes is pre¬ 
sent among the species within Iconaster relative to 
Glyphodiscus (Fig. 6), suggesting character evolu¬ 
tion associated with shallow water habitation, as 
has been suggested by Jablonski & Bottjer (1988: 
86). For example, glassy tubercles (characters 4, 
9, 10, 16) are present on abactinal and actinal 
surfaces of I. elegans, disk and marginal plate sur¬ 
faces of I. longimanus and I. uchelbeluuensis n. sp. 


156 


ZOOSYSTEMA • 2005 • 27(1) 



Phylogeny of Iconaster and Glyphodiscus (Echinodermata, Asteroidea) 


Iconaster 


96% 


70% 


70% 


1 


. I. vanuatensis n. sp. 


■ I. elegans 


■ /. longimanus 
. I. uchelbeluuensis n. sp. 


81% 


\Glyphodiscus 

89% 


1 


G. perierctus 


G. pentagonalis n. sp. 


- G. magnificus n. sp. 

-OG: Pergamaster synaptorus 

OG:Astroceramus callimorphus 
— OG: Lithosoma penichra 
OG:Pontioceramus grandis 


i 


Vanuatu 

1 Depth: 294-301 m 


0 

C 

o 

N 

o 

o 

SZ 

CL 


Philippines 

Depth: 186-208 m 

Arabian Sea, Singapore, 

N Australia, Indonesia, 

S China Sea Depth: 30-85 m 

Philippines and Palau 

Depth: 68-122 m_ 


Philippines, W Australia, 

New Caledonia, New Zealand 

Depth: 178-475 m 

New Caledonia 

Depth: 460-532 m 

New Caledonia, Vanuatu, 
Palau 

Depth: 162-335 m 

Antarctic Ocean 

Depth: 175-3100 m 

Hawaiian Islands 

Depth: 233-1829 m 

Philippines, W Australia, 
Thailand 

Depth: 517-800 m 

Philippines, W Australia 

Depth: 189-300 m 


Fig. 6. — Phylogram of Iconaster + Glyphodiscus, plus outgroup taxa. Numbers with % above branches are bootstrap values 
(300 replicates). Single numbers below branches are Bremer support values. Lines shown in bold are ingroup taxa. Geographic and 
bathymetric range data shown to right of tree. Dotted line around Vanuatu indicates possible photic transmission to deeper depths 
(see Discussion). Abbreviation: OG, outgroup taxon. Scale bar: 5 changes. 


and on the abactinal surface only of I. vanuatuen- 
sis n. sp. Glassy tubercles have been interpreted as 
photoreceptors in the goniasterid starfish 
Ogmaster by Dubois & Hayt (1990), and in 
ophiocomid ophiuroids (Aizenberg et al. 2001), 
and are convergently expressed in shallow-water 
valvatidans, including goniasterids, oreasterids, 
and ophidiasterids (C. Mah unpublished data). 
Expression may be associated with exposure to 
sunlight. Three of the four species of Iconaster, 
I. elegans, I. longimanus, and I. uchelbeluuensis 
n. sp., occur within the range of the photic zone 
(30-208 m depth) (Fig. 6) and the remaining 
species, Iconaster vanuatuensis n. sp., from 


Vanuatu, occurs in deeper water (294-300 m 
depth). Although this initially appears inconsis¬ 
tent, significant levels of light remain present at 
intermediate depths between 200-900 m 
(Denton 1990), especially in the relatively clear 
water of the South Pacific. 

Interpretation of biogeographic patterns in 
Iconaster and Glyphodiscus must be tentative given 
that occurrence data for each taxon’s geographic 
range is probably incomplete and influenced by 
collection bias. 

The basal species of Glyphodiscus ( G. magnificus 
n. sp.) has been recorded in New Caledonia, 
Vanuatu, and Palau, whereas the more derived 
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G. perierctus occurs as far north as the Philippines, 
as far west as Western Australia, and as far south as 
New Zealand. Distribution suggests that derived 
taxa dispersed north to the Philippines (central 
Pacific region), west to the Central Pacific-Indian 
Ocean and south to New Zealand from a basal 
divergence in the South Pacific region. 

Iconaster uchelbeluuensis n. sp. is supported as 
basal to I. longimanus, I. elegans, and I. vanua- 
tuensis n. sp., suggesting basal divergence in the 
central Pacific region with I. vanuatuensis n. sp. 
occurring in the south Pacific. Iconaster longima¬ 
nus occurs widely throughout the Indo-Pacific 
region and is the only other species of Iconaster, 
aside from I. vanuatuensis n. sp., known outside 
the Philippines, central Pacific area. 
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Phylogeny of Iconaster and Glyphodiscus (Echinodermata, Asteroidea) 


APPENDIX 

Key to Iconaster and Glyphodiscus 


1. Substantially enlarged accessory plates on abactinal plate corners. These most pronounced on 

radial regions of disk. Glassy tubercles present or absent on abactinal plates, but may be present on 
marginal, actinal, or adambulacral plates . Iconaster. 2 

— All accessory plates on abactinal surface essentially identical in size. Corner plates not significantly 

enlarged. Glassy tubercles absent from all plates . Glyphodiscus. 5 

2. Full ring of accessory granules border all abactinal plates. Glassy tubercles on abactinal plates only. 

Flattened, almost flush polygonal granules present on adambulacral plate surface. Disk broad with 
round interradial arcs. Surface of disk between abactinal and superomarginal plates are flush. Oral 
spines enlarged, hemispherical in cross section. Color, dark, on carinal series in preserved speci¬ 
mens . Iconaster vanuatuensis n. sp. (Fig. 5A, B) 

— Incomplete ring of accessory plates around abactinal plates on radial papular regions. Glassy 

tubercles present or absent on abactinal, marginal, actinal, and adambulacral plates. Polygonal to 
prismatic granules/spines can be present or adambulacral plate surface, can be bare and devoid of 
any surface ornamentation. Relatively small disk with linear interradial arcs. Surface of disk sunken 
relative to the superomarginal plates. Oral spines identical in size to other furrow and subambula- 
cral spines, polygonal in cross-section .3 

3. Superficial ornamentation (e.g., granules, etc.) absent from adambulacral plates. Furrow spines 

conical. Glassy tubercles present on all surfaces (abactinal plates, marginal plates, actinals, and 
adambulacrals) . Iconaster elegans (Fig. 4A-C) 

— Polygonal to prismatic spines present on adambulacral plates. Furrow spines thickened. Oval to 

polygonal in cross section .4 

4. Glassy tubercles absent from actinal surface but present on abactinal and marginal plates. Marginal 

plates flattened in cross section . Iconaster longimanus (Fig. 4D-G) 

— Glassy tubercles absent from abactinal surface but present on marginal plates along arms only. 

Absent on superomarginal plates near disk. Marginal plates relatively tumid and round-quadrate in 
cross section . Iconaster uchelbeluuensis n. sp. (Fig. 5C-G) 

5. Superomarginal and inferomarginal plates with conical extensions of the marginal plates. Arms 

relatively elongate. Marginal plates elongate and moderately abundant. 

. Glyphodiscus magnificus n. sp. (Fig. 3A, B) 

— Marginal plates smooth to rough. No spines or prominences present on the marginal plate series. 

Arms short to absent. Marginal plates wide and relatively few (3-4 per interradius) .6 

6. Body pentagonal. Arms short (= 2 superomarginal plates), triangular. Enlarged plates at base of arm. 
Only c. 2-4 superomarginal plates per interradius . . . Glyphodiscus pentagonalis n. sp. (Fig. 3C-E) 

— Body stellate. Arms elongate (~ 4-6 superomarginal plates). Superomarginal plates at arm base 
identical in size to other superomarginal plates. About 6-7 superomarginal plates per interradius . . . 
. Glyphodiscusperierctus (Figs 1A, B; 2) 
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